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Summary 
The aim of the present study was to compare carbohydrate degradation of forages in horses’ 
hindgut which store carbohydrates predominantly as fructan or primarily as starch. The effects 
of an abrupt change from a hay-based diet to a forage-based diet on the caecal flora were 
tested with the in vitro hindgut simulation technique “Caesitec”.  
Six trials with different forages (english ryegrass, tall fescue, grass mixture-horses, grass 
mixture-cows, lucerne, white clover) were conducted in the “Caesitec”. During a four-day 
stabilisation period samples were taken once a day before loading the fermenters with hay. 
After diet change to forage-based feeding, samples were taken four times a day. Ammonia 
and pH-value were measured before and 1h, 2h and 6h after loading the “Caesitec”. Gas 
formation was measured daily. Bacterial numbers, lactate and short chain fatty acids were 
measured at four time-points of each trial. 
The grass mixtures contained the highest amounts of fructan. The pH-values were in the 
physiological range from pH 6 up to pH 7 (6.58 – 6.83) during all trials. Gas formation, 
anaerobic and aerobic bacterial numbers increased after diet change. 
The maximum amount of fructan (3.75 g/ kg) in swiss pasture did not cause a permanent 
pathological change in the hindgut-flora. 
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Summary 
The aim of the present study was to compare carbohydrate degradation of forages which store 
carbohydrates either predominantly as fructan or starch, in horses’ hindgut. The effects of an 
abrupt change from hay-based feeding to green fodder-based feeding on the caecal flora were 
tested with the in vitro hindgut simulation technique “Caesitec”.  
Six trials with different forages (english ryegrass, tall fescue, grass mixture-horses, grass 
mixture-cows, lucerne, white clover) were conducted. During a four-day stabilisation period, 
samples were taken once a day before loading the fermenters with hay. After diet-change to 
forage-based feeding, samples were taken four times a day. Ammonia and pH-value were 
measured before and 1h, 2h and 6h after loading the “Caesitec”. Gas formation was measured 
daily. Bacterial numbers, lactate and short chain fatty acids were detected at four time-points 
of each trial. 
The grass mixtures contained the highest amounts of fructan. The pH-values were in the 
physiological range from pH 6 up to pH 7 (6.58 – 6.83) by feeding all forages. Gas formation, 
anaerobic and aerobic bacterial numbers increased after diet change from hay to any forage. 
The maximum amount of fructan (3.75 g/kg) in swiss pasture did not cause a permanent 
pathological change in the hindgut-flora. 
  
Key words: Horse, Carbohydrates, Caecum, Digestion, pH, in vitro digestion 
  
Introduction 
An increase of rapidly fermentable carbohydrates in the diet of horses in contrast to a fiber-
rich diet causes an increase of total viable bacterial numbers (Kern et al. 1973; Medina et al. 
2001). This reaction is associated with an enforced formation of short chain fatty acids (Kern 
et al. 1973; Garner et al. 1975; Willard et al. 1977). Acidification of the intestinal content 
gives rise to acid tolerant lactobacilli. The strengthened production of lactate produced by the 
lactobacilli causes a more intense acidosis and enforces death of less acid tolerant bacteria. 
Due to changing environmental conditions in the hindgut, gram-negative bacteria decrease for 
the benefit of the gram-positive bacteria (Huntington and Pollitt 2002). As a response to the 
death of these bacteria, endotoxins of the cell wall are set free, which can now enter the 
peripheral blood circulation. Further some gram-positive bacteria build exotoxins. As a 
consequence, exotoxins and endotoxins can cause diseases like laminitis and colic (Mungall et 
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al. 2001; Bailey et al. 2004). In different studies it was shown that an alimentary overload of 
carbohydrates like starch or fructan can cause laminitis and colic (Garner et al. 1975; Pollitt 
and van Eps 2002). The clinical and histological signs of laminitis were triggered by oral 
intake of 7.5 g fructan/kg BW (Pollitt and van Eps 2002).  
Longland et al. (1999) tested the concentration of fructans in grass (Lolium perenne) in Great 
Britain. They found seasonal maximum fructan concentrations of 400 g/ kg in dry matter 
(DM). These high concentrations of fructan on pasture and the results of the research of Pollitt 
and van Eps (2002) led to the theory that laminitis in horses could be caused by an increased 
intake of grass which contains high concentrations of fructan. A high amount of storage 
carbohydrates from grass which is not digested in the small intestine reaches the large 
intestine and is fermented intensively. Therefore, parameters such as composition of the gut 
flora, pH-value, concentration of ammonia as well as short chain fatty acids can be affected as 
described before. 
The semi continuous system “Caesitec” simulates the environment and the physiological 
processes in the hindgut of horses. During the last few years, this technique has been 
considered as a proven and economic alternative to animal experiments (Dill et al. 2006; 
Zeyner et al. 2006ab, Dill et al. 2007; Zeyner et al. 2007; Müller et al. 2008; Kuhn 2009). 
Forages which are often grown on swiss pasture are different grasses, grass mixtures and 
legume. The interest of different forages lies in the storing of carbohydrates, precisely as 
fructan in comparison to starch and other sugars. In Switzerland most pasture actually used 
for gazing of horses was also used for dairy cattle in earlier days. The pasture contains high 
amounts of carbohydrates to cover the requirements for dairy production. But in contrast to 
dairy cattle, most horses need less energy and protein   
Therefore in the present study, changes in the microbial flora and biochemical parameters of 
the hindgut of the horse after intake of different forages, varying in the concentration of 
rapidly fermentable carbohydrates, were analyzed. In addition, the aim of the present study 
was to demonstrate the characteristics of carbohydrate degradation of different forages in the 
hindgut of horses.  
 
Materials and Methods 
Six trials with different types of forages were conducted using the semi continuous 
fermentation technique “Caesitec” as it has been developed for equine caecum content or 
faeces as inoculums (Zeyner et al. 2006ab). The “Caesitec” comprised of six glass units 
(fermenters): fine–particles phase (liquid phase) and solide-particles phase (hay, forage). Each 
unit is simulating fermentation by hind gut microbes in horses. The fermenters were placed in 
water of 39 °C degrees. They were mechanically moved to simulate the peristaltics of the 
large intestine. In order to simulate physiological conditions an especially developed 
“Caesitec-buffer” (Zeyner et al. 2006a) was admitted to the fermenters continuously during 
the day. The experimental set up and the time points of sampling were adopted according to 
results of former and current studies (Caesitec: Dill et al. 2006, Engelmann et al. 2006, Zeyner 
et al. 2006ab, Dill et al. 2007, Engelmann et al. 2007, Zeyner et al. 2007, Müller et.al 2008, 
Engelmann et al. 2009, Müller et al. 2009, Janczyk et al. 2010 ; Rusitec: Kelly 1996 ). 
Within the six trials english ryegrass [ER] (Lolium perenne L.), tall fescue [TF] (Festuca 
arudinacaea), a grass mixture for horses [GMH] (only grasses), a grass mixture for cows
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Fig. 1: Timetable about the filling of the bags 
 
Measurement 4 times / day
Diet change 
 
 Day -3 Day -2 Day -1 Day ±0 Day +1 Day +2 Day +4 Day +3 Day +6 Day +5 
8 g hay 
+ 
30 g 
faeces 
8 g hay 
+ 
8 g hay 
8 g hay 
+ 
8 g hay 
8 g hay 
+ 
8 g hay 
8 g hay 
+ 
8g forage 
8g 
forage 
+ 
8g 
forage 
8g 
forage+ 
8g 
forage 
8g 
forage 
+ 
8g 
forage 
8g 
forage 
+ 
8g 
forage 
8g 
forage 
+ 
8g 
forage 
  Faeces removed of the Caesitec after 
24 hours 
Periode of stabilisation 
Each bag was filled with 8 g of hay or the forage investigated and 2 g of cornstarch. Because of little space the cornstarch is not mentioned in fig. 1 
8 g hay 
+ 
8 g hay 
Start 
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[GMC] (grasses and clover), lucerne [LU] (Medicago sativa L.) and white clover [WC] 
(Trifolium repens L.) were tested. Each forage was grown as a monoculture and harvested on 5th 
Mai 2009 at 8.15 am. 
 
Time flow 
The detailed test procedure is given in Fig. 1. The faeces used for each trial were harvested in the 
morning of the “start-day” within a herd of Islandic horses which were fed with roughage only. 
Faeces were collected immediately after spontaneous defecation and stored under anaerobic 
conditions. 
  
Sampling 
From day –4 (start) until day –1 samples for measurement of pH-value and ammonia were taken 
once a day before changing the feedbags in the fermenters. Beginning on day 0 samples for these 
analyzes were taken four times a day (before and 1h, 2h and 6h after changing the feedbags). At 
each sampling-point, samples were taken out of the fine-particles phase of the fermenters by a 
venous catheter for horses. The material of every fermenter was analysed individually. Gas 
formation of each fermenter was measured once a day during the whole time of measurement for 
all forages. Concentration of fructan was analysed daily in forage samples of the feedbags after 
48h of digestion in the fermenters. Because of small amount of material, samples of all 
fermenters were pooled. Fructan was also analysed in the original material of every forage. All 
analyzes were arranged twice. Starch was measured in original material of all forages. All 
analyzes were conducted twice. Forage samples for measurement of crude nutrients had to be 
pooled because of small amount of material (pool 1: fermenter 1, 3, 5 and pool 2: fermenter 2, 4, 
6). Pool-samples taken during the period of stabilisation were mixed up to one sample. Pool-
samples taken after diet-change were analysed once a day individually. All analyzes of crude 
nutrients were arranged twice. Lactate was measured at five sampling-points (see Tab.1). The 
material of each fermenter was tested individually and all analyzes were arranged twice. The 
experimental design for measurement of short chain fatty acids was identical to measurement of 
lactate. Samples for microbial analyzes were also taken five times during each trial (see Tab.1). 
Samples were also pooled because of small amount of material (pool 1: fermenter 1, 4; pool 2: 
fermenter 2, 5; pool 3: fermenter 3, 6). Four degrees of dilution of each pool were analysed for 
aerobe, anaerobe and lactic acid producing bacteria for all forages investigated. Samples 
incubated on Gassner-Agar were analysed for one degree of dilution. All analysis were repeated. 
A detailed schedule for the sampling of every parameter is given in Tab.1. 
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Tab. 1: General view of sampling  
0h = sampling before changing the feedbags; 1h, 2h, 6h = sampling 1, 2 and 6 hours after changing the feedbags; pH = pH-value; NH3 =  
Ammonia; Gas = gas production; pa = proximate analysis out of the grass rests in the nylon bags; mibi = samples for microbial analysis; scfa = 
samples for short chain fatty acids analysis; lactate = samples for lactate determination 
 
 
 
 
 
 
 
 
Time 
point 
Day 
- 4 - 3 - 2 - 1 0 1 2 3 4 5 6 
Character of samples 
0h pH, NH3, 
Gas, pa 
pH, NH3, 
Gas,pa 
pH, NH3, 
Gas, pa 
pH,NH3, 
Gas, pa 
pH,NH3, 
Gas, pa 
pH, rp, 
NH3, 
Gas, pa 
mibi, 
scfa, 
lactate 
pH,NH3, 
Gas, pa 
pH,NH3, 
Gas, pa 
pH,NH3, 
Gas, pa 
pH,NH3, 
Gas, pa 
pH, NH3, 
Gas, pa, 
mibi, 
scfa, 
lactate 
1h     pH, NH3 pH, rp, 
NH3, 
mibi, 
scfa, 
lactate 
pH, NH3 pH, NH3 pH, NH3 pH, NH3  
2h     pH, NH3 pH, NH3 pH, NH3 pH, NH3 pH, NH3 pH, NH3  
6h     pH, NH3 pH, NH3, 
mibi, 
scfa, 
lactate 
pH, NH3, 
mibi, 
scfa, 
lactate 
pH, NH3 pH, NH3 pH, NH3  
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Measurement of different parameters  
The pH-value was tested in the fine-particles phase in the fermenters. It was measured by a 
Mettler Toledo pH-Meter connected with a Metrohm electrode (MA 130 pH/ Ionenmeter, 
Mettler Toledo, Greifensee, CH ; electrode 6.0234.100 by Metrohm, Herisau, CH). Ammonia 
was measured by a Metrohm pH-Meter connected with a Metrohm ammonia electrode (MA 130 
pH/ Ionenmeter, Mettler Toledo, Greifensee, CH; electrode: ammonia selective gas electrode 
6.0506.010, Metrohm, Herisau, CH). The gas produced in the fermenters was collected in gas 
tight bags daily. For the gas measurement, each gas bag was connected to a flask filled with 
water and the amount of gas was measured from the change of height of the water surface. For 
fructan measurement, forage samples were pre-treated and the concentration of fructan was 
measured by refraction index after passage of a prior column and a separating column of a HPLC 
(Shimadzu, Duisburg, Germany). Furthermore fructan was analysed in the lyophilised original 
material, as well as starch. Amylase (Thermamyl 120, Novo Nordisk A/S, Denmark) was used 
for enzymatic determination of starch (Schmidt et al 2005). The fermented forage samples of the 
feed bags as well as the original material of the forages were analysed for crude nutrients without 
any other extract according to the VDLUFA method (Naumann and Bassler 1997). The lactate 
concentration and concentration of SCFA were measured in the fine-particles phase in each 
fermenter, which were stored at – 20 °C until analysis. The lactate concentration was measured 
photometric with COBAS Mira (Roche Autoanalyzer, F. Hoffmann-La Roche Ltd., Basel, CH). 
For analytical determination the RANDOX Lactate-kit was used (Randox Laboratories Ltd., 
Crumlin, UK). The short chain fatty acids were measured with a gas chromatograph (Varian, 
Star 3400 CX Varian Medical Systems, Imaging Laboratory GmbH, Baden-Daettwil, CH) and 
the glass column was filled with GP 10% SP-1200/ 1% H3PO4 on 80/100 Chromosorb WAW 
(Supelco, (Nr.1-1965) Bellafonte, PA 16823, USA). For microbial analyses one ml of the fine-
particles phase was taken and transferred into 10 ml PRAS-Medium. After mixing, samples were 
diluted up to 1:491520. 50µl of each dilution sample up to a dilution factor 1:122880 (1:15360, 
1: 30720, 1:61440 and 1:122880) were transferred and incubated on MRS-Agar (Lactobacillus-
Agar developed by de Man, Rogosa and Sharpe, Oxoid AG, Pratteln, CH). 50 µl of each dilution 
sample up 1:491520 (1:61440, 1:122880, 1:245760 and 1:491520) were carried over on blood 
agar (Oxoid AG, Pratteln, CH) and were incubated anaerobic.  The same dilutions were also 
transferred on blood agar but were incubated aerobic. Samples diluted by the factor 1:10 were 
transferred and incubated on Gassner-Agar (Oxoid AG, Pratteln, CH). After 48 hours of 
incubation, the microbes were counted on all plates. 
  
Statistic analysis 
 An analysis of variance (ANOVA) for repeated measures was performed with SYSTAT©11 
(Systat Software, inc., Point Richamond, CA 94804-2028, USA). In addition, significant 
differences between the forages were calculated with the Kruskal-Wallis Test and significant 
differences between time during one trail with one forage were calculated by Wilcoxon-Test. 
Results are given as mean ± and standard error (Mean ± SE). The level of significance was 
p<0.05. 
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Results 
 
pH-value 
During the whole time of measurement, the pH-value was between 6.58 – 6.83. From day 0 to 2 
the pH-value decreased after loading the “Caesitec”.  On day 0 the fall of the pH-value 
immediately after changing the diet was significant for the GMC, ER, WC and LU.  On day 1 the 
fall was significant for the GMC and LU as well as the GMH and TF. Only the pH-value of ER 
and WC increased on day 1. On day 2 the pH-value decrease with the GMC was significant, 
only. Beginning with day 3 no change in the pH-value could be observed after loading the 
“Caesitec”. 
 
Ammonia 
The concentration of ammonia measured in the present study was between 7.9 and 20.4 mmol/ l 
depending on the forage investigated. In general concentration of ammonia was higher during 
the trials when legumes were tested, especially with LU (20.4 mmol/ l). Over the measuring 
period, the ammonia concentration of WC and LU increased. The maximum and minimum 
concentrations of ammonia measured in each trial are given in Tab. 2. 
 
Tab. 2: Maximum and minimum concentrations of ammonia in each trial of the forages 
investigated 
(mmol/ l= millimol/ liter) 
 
 
Gas development 
Every day, 1681 ± 35.0 ml of gas were build in each fermenter. Gas development increased 
significantly after changing the diet from hay to any of the forages tested (Fig. 2). The highest 
amount of gas was measured when the GMC was tested. 
 
 
 
 
Forage data are given in mmol/l 
 Minimum Maximum 
Grass mixture for horses 9.77 15.62 
Grass mixture for cows 10.36 15.06 
Tall fescue 9.83 14.87 
English ryegrass 10.97 14.95 
White clover 7.91 18.17 
Lucerne 9.55 20.42 
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Fig. 2: Gas development of the forages investigated after changing the diet on day 1 
0 = first day of sampling after period of stabilisation; 1 = day of diet change 
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Fructan 
The two grass mixtures contained the highest concentrations of fructan of all the forages 
investigated as shown in Tab. 3. No fructan was detected in the legumes.  
 
Tab.3: Concentration of fructan, starch, all storage carbohydrates as well as crude protein 
and crude fibre in forages investigated 
(% i.DM) = percentage in dry mass , n.a. = no analysis 
 
 
Starch  
Concentration of starch in all forages tested was between 0.3 – 1.2 % i. DM. Detailed 
information are given in Tab. 3. 
 
Proximate analysis  
The values for crude protein for the grasses and grass mixtures were between 8.6 and 10.9 % 
i.DM. In samples of LU 24.3 % and in WC 17.5 % i.DM of crude protein were measured. In all 
forages rate of crude fibre was between 20.4 and 23.9 % i.DM. Detailed data are given in Tab. 3. 
 
Lactate   
Lactate was only reliably measured at time 1.1 and ranged between 0.0 – 1.8 mmol/ l (ø 1.0 
mmol/ l ± 0.14 [D-lactat: ø 0.3 mmol/ l ± 0.05; L-lactate: ø 0.7 mmol/ l ± 0.1]). The highest 
concentration was measured during the LU trial. 
 
Short chain fatty acids (SCFA) 
The total concentration of SCFA was between 25.5 – 70.7 mmol/ l (ø 47.5 mmol/ l ± 2.3). The 
concentration of acetate ranged between 14.3 – 43.3 mmol/ l (ø 28.5 mmol/ l ± 1.5), of 
propionate between 7.2 – 17.9 mmol/ l (ø 11.7 mmol/ l ± 0.5) and of butyrate between 3.4 – 13.3 
mmol/ l (ø 7.0 mmol/ l ± 0.5). Butyrat concentration increased significantly during day 1 in all 
trials. 
 
Forage Fructan 
(% i.DM) 
Starch 
(% i.DM) 
All storage 
carbohydrates 
(% i.DM) 
Crude 
protein 
(% i.DM) 
Crude fibre 
(% i.DM) 
Grass 
mixture 
horses 
15.0 0.8 23.5 8.9 20.9 
Grass 
mixture 
cows 
12.2 0.4 20.7 10.9 22.6 
Tall fescue 11.3 0.7 13.6 10.2 22.9 
English 
ryegrass 
7.0 0.3 21.5 8.6 23.9 
White 
clover 
0.0 1.2 8.2 24.3 20.4 
Lucerne 0.0  n.a. 3.7 17.5 20.9 
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Microbial samples 
The number of aerobic bacteria was between 23 – 244 x 106 cfu during all trials and increased 
significantly one hour after changing the diet from hay to each of the forages investigated (Tab. 
4). The maximum amount of bacteria was observed after changing the diet from hay to the 
GMC, the GMH, TF or WC.  
 
Tab. 4: Aerobe Bacteria in the fine-particles phase 
* - *7= significant time differences within one forage species (p < 0.05); a - j = different characters 
show significant differences (p < 0.05) 
°= explains day and hour of sampling, for example 1.6 = Day 1; 6 hours after changing feedbags 
Forages Time point° 
1.0 1.1 1.6 2.6 6.0 
cfu x 106 
Grass mixture 
horses 
91 ± 6.0 b,d,f,g; * 238 ± 25.9 b,d,f; 
*1, *2 
218 ± 23.9 b,d,f; 
*1, *4 
167 ± 13.2 b,d,f,i; 
*1, *4 
90 ± 6.5 b,d,f,h,j; *3, 
*5 
Grass mixture 
cows 
165 ± 15.9 b,d,f,h,j; 
* 
244 ± 16.2 b,d,f; 
*1, *2 
217 ± 13.8 b,d,f; *4 223 ±  11.3 b,d, 
f,h,j; *1, *4 
43 ± 3.2 b,c; *1, *3, 
*5 
Tall fescue 99 ± 4.7 b,d,f,j; * 211 ± 2.1 b,d; *1, 
*2 
138 ± 7.1 b,d,e; *1, 
*2, *4 
87 ± 6.4 b,e; *3, *5, 
*6 
49 ± 5.2 b,g; *1, *3, 
*5, *7 
English ryegrass 64 ± 4.3 b,e; * 164 ± 11.2 b,d,e; 
*1, *2 
178 ± 26.5 b,d; *1, 
*4 
94 ± 10.7 b,g; *1, 
*3, *5, *6 
48 ± 6.1 b,e; *1, *3, 
*5, *7 
White clover 48 ± 8.7 c; * 79 ± 10.7 c; *1, *2 55 ± 8.4 a,c; *3, *4 38 ± 3.5 a; *3, *4 23 ± 1.9 a; *1, *3, 
*5 
Lucerne 30 ± 2.3 a; * 42 ± 5.1 a; *1, *2 52 ± 5.5 a; *1, *3, 
*4 
73 ± 7.0 c; *1, *3, 
*5 
53 ± 4.7 b,d,i; *1, *5
 
The number of anaerobic bacteria also increased significantly one hour after diet change, apart 
from the trial with LU and GMC. In these trials the number of anaerobic bacteria increased 
between time point 1.1 to 1.6. During both trials highest amounts of bacteria were on time point 
2.6, as well as during the trial conducted with TF. During the other trials, highest amounts of 
anaerobic bacteria were measured at point 6.0. The highest number of anaerobic bacteria overall 
was detected when LU was investigated, with a total of 1658 ± 154 x 106 cfu (see Tab. 5). 
 
Tab. 5: Anaerobe Bacteria in the fine-particles phase 
* - *7= significant time differences within one forage species (p < 0.05); a - i = different characters 
show significant differences (p < 0.05) 
°= explains day and hour of sampling, for example 1.6 = Day 1; 6 hours after changing feedbags 
Forages Time point° 
1.0 1.1 1.6 2.6 6.0 
cfu x 106 
Grass mixture 
horses 
178 ± 13.8 b,e; * 413 ± 67.7 b,d; *1 339 ± 16.0 b,d,e; 
*1, *2 
351 ± 22.4 b,d,e; 
*1, *2 
541 ± 41.1 b,d,f; 
*1, *3 
Grass mixture 
cows 
787 ± 82.5 b,d,f,h,j; 
* 
431 ± 45.6 b,d; *1, 
*2 
890 ± 176.0 b,d,f,h; 
*3, *4 
1658 ±  153.6 
b,d,f,h,j; *1, *3, *5, *6 
704 ± 50.3 b,d,f,h; 
*3, *7 
Tall fescue 268 ± 20.8 b,d,f,g; * 425 ± 27.5 b,d; *1 465 ± 17.7 b,d,g; 
*1, *2 
467 ± 36.3 b,d,g; 
*1, *2 
313 ± 31.2 e; *3 
English ryegrass 71 ± 8.0 a,c; * 203 ± 9.4 b,c; *1, 
*2 
251 ± 18.9 b,c; *1, 
*4 
299 ± 13.2 b,c; *1, 
*3, *5 
331 ± 22.4 b,e,g; 
*1, *3, *5 
White clover 55 ± 8.8 a; * 124 ± 17.5 a; *1, 
*2 
108 ± 15.5 a; *1 
*3, *5 
146 ± 22.7 a; *1, 
*5 
233 ± 21.3 a; *1, 
*3, *5 
Lucerne 424 ± 48.4 b,d,f,h,i; 
* 
402 ± 58.8 b,d; *2 329 ± 76.0 b,e,g; *4 1061 ± 123.4 
b,d,f,h,i; *3, *5, *6 
253 ± 23.0 a,c; *1, 
*3, *7 
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For the development of lactic acid producing bacteria, there was no constant pattern obvious for 
all forages. Noticeable were the significant high numbers of lactic acid producing bacteria during 
the trial with the GMC compared to the other trials. In contrast only very little numbers of 
bacteria were countable when WC and LU were tested (see Tab.6). 
 
Tab. 6: Lactic acid producing bacteria in the fine-particles phase  
* - *7= significant time differences within one forage species (p < 0.05); a - j = different characters 
show significant differences (p < 0.05) 
°= explains day and hour of sampling, for example 1.6 = Day 1; 6 hours after changing feedbags 
Forages Time point° 
1.0 1.1 1.6 2.6 6.0 
cfu x 106 
Grass mixture 
horses 
10 ± 1.2 b,d,e; * 52 ± 2.6 b,d,f,i; *1, 
*2 
52 ± 9.2 b,d,f; *1, 
*4 
25 ± 1.3 b,d,e; *1, 
*3, *5, *6 
37 ± 4.5 b; *1, *3, 
*7 
Grass mixture 
cows 
65 ± 4.6 b,d,f,h,j; * 96 ± 15.4 b,d,f,h,j; 
*2 
86 ± 2.9 b,d,f,h; *1, 
*4 
163 ±  10.0 b,d,f,h,j; 
*1, *3, *5, *6 
42 ± 3.9 b,d; *1, 
*3, *5, *7 
Tall fescue 32 ± 2.3 b,d,f,h,i; * 51 ± 6.6 b,d,f,g; *1, 
*2 
54 ± 3.0 b,d,f,g; *1, 
*4 
38 ± 1.4 b,d,f,h,i; *4, 
*5 
30 ± 2.8 b,c; *3, 
*5, *7 
English ryegrass 1 ± 0.3 a; * 10 ± 1.1 a; *1, *2 25 ± 3.3 b,e; *1, *3, 
*4 
14 ± 1.6 b,c; *1, *5, 
*6 
36 ± 2.7 b; *1, *3, 
*5, *7 
White clover 1 ± 0.4 a; * 11 ± 2.7 a,c; *1, *2 6 ± 1.0 a; *1 *3, *4 7 ± 1.2 a; *1, *6 29 ± 0.9 b,c; *1, 
*3, *5, *7 
Lucerne 14 ± 1.6 b,d,f,g; * 19 ± 1.1 b,e; *1, *2 23 ± 4.4 b,c 26 ± 1.9 b,d,g; *1, 
*3 
21 ± 1.1 a; *1 
 
 
Discussion 
The pH-value measured in the present study were always in the physiological range of pH 6 - 7 
(Engelhardt and Breves 2000) as seen in other studies using the Caesitec (6.4 - 6.8) (Dill et al. 
2006; Dill et al. 2007; Engelmann et al. 2007; Müller et al. 2008; Müller et al. 2009; Kuhn 
2009). In studies in which caecum content was incubated with starch, inulin or fructan the pH-
value declined to 5.1 - 5.3 (Bailey et al. 2002; Engelmann et al. 2007). The concentrations of 
measured ammonia in the present study in all trials were similar to the range of 1.2 – 23.7 mmol/ 
l measured by other investigators (Kern et al. 1974; Stott et al. 1983; Landes 1992; Medina et al. 
2002; Engelmann et al. 2007; Kuhn 2009). A provocation with starch leads to a drop down to 
11.8 – 12.0 mmol/ l (Müller et al. 2008). A provocation of caecum content with increasing 
amounts of inulin leads to a continuous drop of ammonia (Engelmann et al. 2007). Higher 
concentrations of ammonia during the trials when legume were tested are resulting from stronger 
degradation of protein, caused by higher concentrations of crude protein in LU and WC. In the 
present study the diet change from hay to any of the forages tested revealed a rise of gas 
production. That effect was also observed after an excessive starch feeding (Müller et al. 2008) 
and a chronic incubation of caecum content with fructan (Engelmann et al. 2007). During all 
studies the gas production increased after changing the diet. These findings confirm the 
assumption that excessive food intake and a sudden change in diet can lead to partial forage 
breakdown and incorrect fermentation, what was supposed as an increase of gas formation in the 
simulated large intestine. This can also be observed when horses have access to young grass, 
fresh clover, legume, lucerne, withered or heated forage (Meyer 1995; Dietz and Huskamp 
 13 
 
2006). The concentrations of lactate detected during the different trials in the present study were 
comparable to other studies when hay based feeding was tested (Alexander and Davies 1963; 
Willard et al. 1977; de Fombelle et al. 2001; Medina et al. 2002; de Fombelle et al. 2003; 
Respondek et al. 2008). In other studies, where starch-rich diets were tested the lactate 
concentration was considerably higher (0.2 – 24.1 mmol/ l) (Willard et al. 1977; Medina et al. 
2002; de Fombelle et al. 2003). One reason for the detectable lactate concentrations only one 
hour after changing the feedbag might be the fact, that there were only low concentrations of 
lactic acid that decreased rapidly and were below the limit of detection after six hours. However, 
Medina et al. (2002), observed a rapid increase of lactic acid after feeding with a maximum 3 
hours after the meal and thereafter a continuous decrease was noticed. The concentration of 
SCFA measured in the present study was in the range of 18.2 – 115 mmol/ l, measured in the 
caecum and colon in former studies (Alexander and Davies 1963; Kern et al. 1974; Stott et al. 
1983; Landes 1992; Dill et al. 2007; Müller et al. 2008; Respondek et al. 2008; Müller et al. 
2009). Also the amounts of acetic acid and propionic acid were comparable to results of Kern et 
al. (1974), Medina et al. (2002), Veiga et al. (2005) and Respondek et al. (2008). In these studies 
acetic acid was between 20.6 – 72.8 mmol/ l and propionic acid was between 2.8 – 18.0  mmol/ 
l. Only maximum concentrations of butyric acid in the present study were out of the range. The 
obtained results of fructan concentrations in forages grown in Switzerland have been against 
expectations. ER as a fructan storing grass showed the lowest concentration of the fructan (6.95 
% i.DM) of the grasses and grass mixtures and did not at all reach the maximum amounts of 400 
g/ kg i.DM measured in Great Britain (Longland et al., 1999). In contrast the grass mixture for 
horses contained the highest concentration of fructan (14.99 i.DM). In other forage samples 
taken of swiss pasture the concentration of fructan was on average 37.6 g/ kg DM (Nater et al. 
2007). The small amounts of fuctan in general might be caused by the warm and sunny weather 
up to 20.4 °C the two days before harvesting. Warm temperature as well as adequate humidity 
might have caused that carbohydrates were used for the growth of the plant instead of 
incorporating storage carbohydrates. The time of day when the forages were harvested as well as 
the location of growth might be further reasons for smaller fructan concentrations. Highest 
amounts of fructan were measured at noon and during the early evening hours by Cairns et al. 
(2002) and  environmental conditions of countries and areas seem to influence the amount of 
fructan (Jeaungros et al. 2001).  
To conclude, none of the forages tested in the present study contained concentrations of fructan, 
high enough to reach the trigger point of 7.5 g fructan/ kg BW to induce laminitis. Calculating 
with an intake of 10 kg dry mass/ 500 kg BW (Zeyner 1995) the ingestion of fructan was 
between 0.0 and 3.0 g/ kg BW depending on the forage. Crawford et al. (2007) fed ponies with a 
diet of chopped dried spring pasture and 3g per kg BW of inulin. Similar to our findings that 
there were only slight reactions in the “Caesitec”, the diet did not seem to cause laminitis. The 
measured concentration of starch (0.3 % i. DM) in ER was similar to the results of analysis (0.4 
% i. DM,) conducted by Ojima and Isawa (1968). The concentration of WC (1.2 % i. DM) in the 
present study was below the result of Ojima and Isawa (1968) (4.2 % i. DM). In contrast the 
concentration of starch in TF (0.7 % i. DM) was considerably higher compared to the 
concentration (0.1% i. DM) measured by Ojima and Isawa (1968).The differences might refer to 
the surrounding conditions. For the grass mixtures tested are no reference values available. 
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Grasses, grass mixtures and legumes are generally classified as feeding stuff with only low 
concentrations of starch. Under physiological conditions starch is digested by the pancreatic 
amylase and brushborder-membrane-bound enzymes in the small intestine. Starch particles 
which have not been digested by the pre-cecal digestion will be degraded by microbial enzymes 
in the large intestine.  An increasing in starch intake into the large intestine can lead to a change 
of micro flora and metabolism parameters (Kern et al. 1973, de Fombelle et al. 1999, Julliand et 
al. 2001, de Fombelle et al. 2003). Due to the fact that the forages tested in the present study are 
classified as feedstuff with low starch concentrations and the fact the large intestine is able to 
tolerate limited amounts of starch by microbial enzymes without causing a pathological change 
in the microflora, it can be supposed that the starch concentrations stored in the forages had no 
significant influence on the behavior of the micro flora. This expectation is supported by the fact 
that the amount of starch (2g starch/ fermenter/ day) loaded into the Caesitec every day (Fig. 1) 
was higher compared to the starch concentration measured in all forages.  The accurately defined 
amount of starch simulates an established diet based on the knowledge of former studies  (Dill et 
al. 2006, Engelmann et al. 2006, Zeyner et al. 2006b, Dill et al. 2007, Engelmann et al. 2007, 
Zeyner et al. 2007). It was noticeable that the concentration of crude protein in the GMH, GMC 
and WC was below the values given in the Swiss feed database (all data in % i.DM: GMH: 10.5 
– 18.9; GMC: 14.4 – 22.9; WC: 21.8 – 26.0). The reason for this deviation might be the point of 
harvest. Depending on the species of forage the concentration of crude protein decreases during 
the first growth (Jeaungros et al. 2001; Kamphues et al. 2009). Further factors of influence are 
the manuring, the climate and the character of ground (Kamphues et al. 2009). A study 
conducted by Agroscope Switzerland showed prominent variations between different locations 
(Jeaungros et al. 2001). In consequence of low concentrations of crude protein, higher 
concentrations of crude fiber would have been expected. The reason, that crude fiber was in the 
range might have been influenced by the weather and the environmental conditions of the 
location.  The increase in aerobic bacterial numbers is similar to the results reported by de 
Fombelle et al. (2001) when diet was changed from 100% hay to 70% hay + 30% barley.  As 
well as observed in the present study the aerobe bacterial number remained on a higher level at 
29-30 hours after diet change. Also similar effects were observed in the behavior of anaerobic 
bacteria. After diet change the number of anaerobic bacteria in the large intestine increased after 
29 (de Fombelle et al. 2001), respectively 30 (present study) hours. The numbers counted in all 
trials was in the range (107.6 - 109.7) reported in other studies (Kern et al. 1973; Kern et al. 1974; 
Goodson et al. 1988; de Fombelle et al. 2003; Veiga et al. 2005). The number of lactic acid 
producing bacteria was in the range reported by de Fombelle (2001). The unbalanced behavior of 
the lactic acid producing bacteria can not be explained at the moment, but there might be a link 
to the production of lactate. Overall the results underline that an abrupt change in diet modifies 
the counts and activities of some microbial communities in the caecum. Against expectations the 
grass mixture especially composed for horses contained the highest concentrations of fructan.  
Also the amount of fructan and other storage carbohydrates does not entail a permanent change 
in the microflora of the hindgut in horse. Nevertheless further studies should be done to prove 
the influence and importance of the environmental conditions and the date and time of harvest. 
Furthermore the pre-digestion of the stomage and small intestine should be regarded and 
incorporated in the experimental set-up.   
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